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Outline 
  Introduction 




 H→WW,ZZ covered by C.Potter 
  MSSM 
Focus on what we can 
do with ~10 fb-1 of 
data at the LHC 
ATLAS published a Physics Book 
“Expected Performance of the ATLAS Experiment: 
detector, trigger and physics “ 
CERN-OPEN-2008-020, http://arxiv.org/pdf/0901.0512 
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Weight: 
7000 t 44 m 
22 m 
ATLAS See G. Unal’s talk for overview of detector 
performance 
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SM Higgs Production at LHC 
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Main Decay Modes 
Close to LEP limit: 
H→γγ,ττ,bb 
For MH>140 GeV: 
H→WW(*),ZZ(*) 
Djouadi, Kalinowski, Spira 
C.Potter’s 
Talk Low Mass 
Higgs 
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Low Mass SM 
Higgs: H→γγ 
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Higgs decay to γγ 
γγ Backgrounds Reducible γj and jj  
Backgrounds 
q→π0 
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Higgs Mass Reconstruction 
  In ATLAS Expect about 50% of events to have at least one converted 
photon, but can achieve <1.2% mass resolution 
Efficiencies after trigger, identification and inclusive analysis cuts. 
Reconstructed invariant mass peak positions and resolutions for 
different Higgs boson masses with and without 1033 cm−2 s−1 pileup 
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Photon Identification 
  To separate jets from photons is crucial for Higgs discovery 
 Need rejection of > 1000 against quark-initiated jets for εγ=80% 
to keep fake background about 20% of total background 
 Expect rejection against gluon-jets to be 4-5 times greater 
  Jet rejection will be 
evaluated with data 
 Look into sub-leading 
jets in multi-jet final 
states with different 
PT thresholds 
 Avoid trigger bias 
 Apply trigger pre-
scaling if needed 
 Correct for 
contribution from 
prompt photons  
2008 JINST 3 S08003 
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Inclusive Analysis 
(all jet multiplicities) 
€ 
H→ γγ +  1jet
Discovery Potential € 
H→ γγ +  2 jet
Combined Analysis 
  ATLAS evaluated the signal significance with a 
Maximum Likelihood fit that includes the 
classification of events, including the 1j and 2j 
analyses   
11 
Results shown for MH=120 GeV  and 10 fb-1  (14 TeV) 
Bruce Mellado, Aspen 2010, 19/01/10 
Bruce Mellado, Aspen 2010, 19/01/10 12 
Low Mass SM Higgs: 
tt/W/Z H(→bb) 
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  Analysis very sensitive to b-tagging efficiency (εb4) 
 Parton/Hadron level studies → εb ≥60% needed 
  Need ~100 times rejection against light jets and ~10 
times against charm to suppress ttjj 





































W/Z H(→bb) at High PT 
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Proposed by J. Butterworth et al, PRL 100:242001,2008 
  Boosted bb system 
 Look for jets with splitting into 
two sub-jets using Cambridge-
Aachen jet (ΔR=1.2) 
Results available for lνbb, llbb. Ννbb channels. Up to  2.1σ for 10 fb-1 
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H→ττ 
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  In order to reconstruct the ττ mass need to use the collinear 
approximation. Need this to suppress Z and tt backgrounds  
Tau decay products 
are collinear to tau 
direction 
H→ττ Mass Reconstruction 
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  To achieve good MET resolution is crucial  
 This requires good understanding of high PT and 
low PT hadronic objects 
 Expect to achieve ~10% resolution in di-tau mass 
in order to distinguish Higgs signal from Z+jets 
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Tau-Identidication 
  In the "Physics book" used a calorimeter seeded 
reconstruction algorithm 
 Use 1 and 3 track candidate and apply electron veto 
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Low Mass SM H→ττ+jets 
  Reconstruct Higgs mass with collinear approxim. 
H(→ττ→ll) + 2jets  H(→ττ→lh) + 2jet 
20 Bruce Mellado, Aspen 2010, 19/01/10 
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Data-Driven Extraction of 
Z+jets Background 
 One of the improvements in the analysis comes from the development 
of algorithms to turn Z→µµ into Z→ττ with a full detector simulation 
 Technique tried for ll and lh decays 
Z→ττ→lh  Z→ττ→lh  
Bruce Mellado, Aspen 2010, 19/01/10 
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Signal significance computation 
based on a fit to the di-tau 
mass spectrum. In order to 
constrain the background rate 
and shape, we simultaneously 
fit the signal candidates and 
the background control sample 
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Signal significance for 30 fb-1 
Overall Sensitivity to SM Higgs 
23 
Results obtained for 14 TeV 
H→WW(*),ZZ(*) dominate sensitivity for MH>140 GeV 
Bruce Mellado, Aspen 2010, 19/01/10 
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MSSM Higgs 
  Minimal super-symmetric extension of Higgs sector 
 Five Higgs: h (light), H, A, H± (heavy) 
 Parameter space reduced to two at tree level: MA,tanβ
 Theoretical limit on light MSSM Higgs: h<135 GeV  
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Outlook and Conclusions 
  The search for a Higgs boson is a priority of CMS 
and ATLAS. One experiment should be able to 
observe a SM Higgs with O(10) fb-1 and also cover 
most of the MSSM plane 
  Higgs searches at the LHC comprise a large number 
of final states involving all the signatures that the 
CMS and ATLAS detectors can reconstruct 
 Electrons, muons, photons, τ, jets, b-jets 
 Need to understand V,VV, (V=Z,W), tt, γγ, jγ and their 
production in association with jets 
  Higgs searches at the LHC promise is a rich program 
that promises to turn the LHC era into fascinating 
times for High Energy Physics 
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Additional Slides 
Generator Details for H→γγ 
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VBF Higgs Efficiency 
  ATLAS reported the VBF H efficieny within the 
context fo the H→γγ analysis 
1.  Two quarks with pT>40GeV and pT>20GeV (|η|<5) 
and in opposite hemispheres 
2.  Two reconstructed jets with pT>40 GeV and 
pT>20 GeV (|η|<5) 
3.  Two reconstructed jets are in opposite 
hemispheres 




Jets in VBF Higgs 
  ATLAS reported results with studies on forward 
tagging in full simulation in Eur. Phys J. C 32 (2004) s19 
 Histrograms – parton level. Dots - reconstruction 
32 
Eur.Phys.J.C32S2:19-54,2004. 
Jets in VBF Higgs 
  ATLAS reported results with studies on forward 




reconstructing a tag jet 
with PT>20 GeV from 
parton of PT>20 GeV 
Eur.Phys.J.C32S2:19-54,2004. 
  Estimated efficiency of fake jet rate of narrow 
seeded cone tower and cluster jets (Rcone = 
0.4) generated in VBF Higgs boson production in 
the forward direction (2.7 < |η | < 4.9) 
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Jets in VBF Higgs 
  ATLAS chose to use narrow jets for the VBF 
analyses. Prefer jets based on topological 
clusters, as opposed to tower based 
















ATLAS Sensitivity to SM Higgs 
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MSSM A/H→ττ→ll+MET 
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Accepted cross-section for all Higgs boson mass hypotheses analyzed. The cross-section in fb for signal and 
background after all selection cuts is given (except for the cut on the mass window) for tanβ=20. 
